The aim of this study was to provide longitudinal evaluation of the changes after complete dentures therapy and the rate of residual ridge resorption through a six-year period of denture wearing. The authors presented the case of a 76-year-old patient, edentulous for twelve years, wearing complete dentures for six years, with the eugnat jaw relationship. Cephalometric radiograph was carried out in the process of new complete denture production, while the evaluation was carried out after six years. Cephalometric analysis was performed by using "Dr. Ceph" computer software (FYI Technologies, GA, USA). After six years, the reduction of anterior total facial height was 5.5 mm and the anterior lower facial height was 5.5 mm, the vertical residual ridge reduction of the maxilla was 1.4 mm and the reduction of the mandible was 3mm. The study confirms the reliability and advantages of cephalometric analyses and reveals their application possibilities in prosthetic diagnostics and therapy, as well as in evaluation of rehabilitative results in edentulous patients and longitudinal analysis of changes on the orofacial complex tissues and intemaxillary relationships.
Introduction
Changes of the hard and soft tissues of the face and jaw complex following the loss of teeth and support pro vided by the natural occlusion lead to drastic changes in the vertical dimension of the lower face. Cephalometry is used to measure the vertical dimension of occlusion (VDO) after tooth loss [1] [2] [3] [4] [5] [6] [7] [8] , the position of the anterior prosthetic denture [9] [10] , and the orientation of the occlusal plane [11] . It also enables determination of the original vertical dimension in regard to parts of the craniofacial skeleton, which have remained unchanged after tooth loss. Apart from that, cephalometry is used to analyze changes taking place in different periods of time, and it represents a dynamic aspect of this method in evaluation of the success rate of rehabilitation of edentulous patients, longitudinal analysis of changes of orofacial complex tissues, and of the interjaw relationships [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . Residual ridge resorption is a chronic and continuous process of bone remodeling. Resorption of alveolar residual ridges is associated with the lack of mechanical stimuli, excessive burden from dentures, inadequate diet, disorders of calcium and phosphorus metabolism, genetic predisposition to bone tissue resorption, cortical bone loss due to mechanical trauma and so on [23] .
The aim of this paper was to present a longitudinal analysis of changes in the tissues of the orofacial complex and interjaw relationships using computerized cephalometry in an edentulous patient six years following the treatment with complete dentures.
Case Report
A 76-year-old female patient, edentulous for 12 years, eugnathic, without systemic diseases which may have affected the bone status (osteopenia, osteoporosis), without hereditary or acquired abnormalities in the maxillofacial region, neuromuscular disorders or psychiatric diseases, visited the Dentistry Clinic of Vojvodina 6 years after the treatment with complete dentures and required treatment and new complete dentures.
Cephalometric radiographs were made during the process of denture construction and after 6 years, at the Dentistry Clinic of Vojvodina, using ORTHOCEPH (Siemens, Germany). The images were made at 65-80 kV, 20mA, and 1-1,5s of irradiation. The Orthoceph ® apparatus has a cephalostat attachment to standardize the patient's positioning. The radiographs were scanned using EPSON Expression 1600 Professional (Seiko Epson Corporation, Japan) and converted into the digital images appropriate for computer processing. The cephalometric analysis was performed using "Dr. Ceph" computer software (FYI Technologies, GA, USA), version 9.7 (Figure 1 ). Complete denture construction was done using a semi-adjustable arcon type articulator Teleoptic Žiroskopi 1333 (Teleoptik, Serbia). Ivostar and gna-thostar three-layer teeth were used (Ivoclar Vivadent AG, Liechtenstein). The upper and lower right central incisors were marked with lead foil over the vestibular and oral surface for radiography.
The following skeletal cephalometric parameters were examined (Figure 2 The vertical craniofacial characteristics were analyzed using four proportions of the following linear parameters: the relationship between the posterior and anterior total height (S-Go: N-Me, Jarabak), between the anterior upper and lower facial heights (N-ANS : ANS-Me, Hasund), between the anterior upper and anterior total facial height (N-ANS : N-Me, Wylie-Johnson), and between the anterior lower and anterior total facial height (ANS-Me : N-Me, Wylie-Johnson) [1] . Table 1 shows the composition of the values of vertical craniofacial parameters between the first measurement and six years later.
"Dr. Ceph" computer software was used for the cephalometric analysis of digital profile radiographs (Figure 3) and comparison of graphical presentation immediately after the treatment and 6 years later (Figure 4) . The visual analysis clearly showed the character, severity and direction of vertical craniofacial dimensions of viscerocranium bones in regard to the neurocranium after six years. The comparison of cephalometric images showed an apparent, distinctive, forward and upward mandibular rotation as a result of changes of the occlusal vertical dimension.
Discussion
Changes in the vertical dimension of occlusion mostly involve the anterior total facial height and the anterior lower face height. They are a consequence of the expected alveolar residual ridge resorption of the lower jaw, but also of abrasion of the acrylic teeth. The measured vertical resorption of the lower alveolar ridge was higher than the vertical resorption of the maxillary ridge. The dimension related changes in the upper facial regions did not differ after six years, namely the anterior upper facial height and the posterior upper facial height remained the same. Based on the results of the so-called anterior facial height index, which was over 84%, a facial disproportion reflected in the "reduced bite" was observed after six years. The indicators of vertical facial harmony pointed to a disturbed facial harmony. Current methods using "Dr. Ceph" software (FYI Technologies, GA, USA) provide precise, favorable and clear images of the craniofacial complex, as well as permanent archive footage and analysis, thus bringing a new quality in the evaluation of changes after treatment with complete dentures. This program is fast and easy to use with all its technical features, but the physician himself is a significant factor in the success, provided that he is familiar with the software and its techniques. Foreign literature review revealed longitudinal studies on changes of VDO and alveolar residual ridge resorption in edentulous patients by analyzing various cephalometric parameters in different periods of observation, so the comparison of results is very difficult. Many studies were carried out using different methodologies and sample sizes, different parameters, linear or angular, mostly one or two parameters.
Many cephalometric points were marked differently, while many patients were edentulous over a different period of time. Cephalometric analyses were performed using standard methods or various computer programs. All authors agree that there are differences between the reduction in the upper and lower jaws. The reduction in the mandibular ridge height proved to be greater in all studies. Significant differences in results were obtained depending on the period in which observation period of the vertical reduction was evaluated -immediately after tooth extraction and therapy with immediate dentures, or several years of edentulous status before management with complete dentures. Tallgren and associates studied the vertical linear reduction of alveolar residual ridges in edentulous patients two years after immediate denture placement. The average vertical reduction of the maxillary ridge was 2.64 mm, and 4.60 mm of the [16, 24, 25] .
Conclusions
Changes in the vertical dimension of occlusion mostly involve the anterior total facial height and the anterior lower face height. They are a consequence of the expected alveolar residual ridge resorption of the upper and lower jaw and of abrasion of the acrylic teeth. The measured vertical resorption of the lower alveolar ridge was higher than the vertical resorption of the maxillary ridge. Changes in the upper facial region were insignificant. This study has confirmed the reliability and value of cephalometric analysis and pointed to its possibilities in prosthetic diagnosis and therapy. It also proved valuable in rehabilitation of edentulous patients and longitudinal analysis of tissue changes of the orofacial complex and interjaw relationships. Computerized cephalometry is a "smart service" which has revolutionized the dental profession providing precision and sophistication in clinical work.
